Using X-ray microanalysis and scanning electron microscopy Zn-Ni-SiO2 plating containing SiO2 nanoparticles were studied. It was found that X-ray irradiation of the electrolyte leads to the increased Ni concentration in ZnNi-SiO2(X) lms and the grain size is also increasing (the grain size is twice that in the unirradiated case). A thickness of Zn-Ni-SiO2(X) plating is 20 µm and a thickness of the Zn-Ni-SiO2 plating is about 15 µm. The surface morphology was studied using AFM method. Increasing Ni concentration and Ni5Zn21 phase due to X-Ray irradiation of the electrolyte leading to the improved mechanical properties of the coating.
Introduction
In the last few years the introduction of nanoparti- 
Zn
2+ and Ni 2+ ions should surround the particles of SiO 2 to give them the net positive charge resulting in coprecipitation on the negatively charged cathode.
The structure and properties of ZnNi coatings deposited under the eect of X-ray radiation on electrolytes of dierent acidity have been studied in our previous work [8] . It has been demonstrated that, as compared * corresponding author; e-mail: Anishchik@bsu.by 
Experimental method
The coatings were formed from the electrolyte (pH = 4)
onto the substrates of 08 structural carbon steel at the current density 2 A/dm 2 . The source was an X-ray tube with a molybdenum anode (λ = 0.708 Å). Powdered SiO 2
(1 g/l) with a particle size of about 10 nm was introduced into the electrolyte of the following composition:
The surface morphology of the coatings was studied using a LEO1455VP scanning electron microscope with an energy dispersive SiLi semiconductor detector produced by R®ntec (Germany). (Table II) . As demonstrated by a qualitative X-ray phase analysis, both coatings contain Zn and Ni 5 Zn 21 (γ-phase) (Fig. 2) . For the identical precipitation times, a thickness of ZnNiSiO 2 (X) coatings comes to 20 µm and that of ZnNiSiO 2 is smaller by 30% (Fig. 1) .
The structure of the coatings is homogeneous; the cracks are observed close to the substrate to a greater extent for ZnNiSiO 2 (X).
It has been found ( Fig. 3a) that microhardness was markedly increased ( ∆Hµ Hµ 0 = 55%) for ZnNiSiO 2 (X)
coatings. Based on the loading-unloading curves (Fig. 3b) , the Young modulus E and the elastic recov- is characterized by a more developed relief and hence by a greater roughness of the surface (Fig. 5 , Table I ).
Discussion
The observed morphological features of the coating surfaces may be associated with the fact that SiO 2 particles introduced into the electrolyte suppress stratication and precipitation of its components. In the electrolyte, silanole groups (SiOH) at the surface of particles may interact by means of hydrogen bridge compounds, creating the skeleton structure that is responsible for greater viscosity of the electrolyte [10] . As quanta of X-rays inuence the electrolyte, growth of the centers may be enhanced due to radiolysis that may result in the formation of the particles intricate in their shape and having greater sizes. In other words, the eect exerted by X-rays on the electrolyte in the process of electrodeposition is similar to the increased current density.
The diraction pattern of the coating formed in a eld of X-ray radiation exhibits the intensity redistribution of diraction lines for the phases: an intensity of Zn lines is lowered and that of γ-phase is enhanced, indicating an increase of its volume fraction due to a greater content of Ni (Table II) and contributing to the coating microhardness (Fig. 3) .
It is believed that cracks in ZnNiSiO 2 (X) coating are caused by stresses at the interface substratecoating.
Since such an empirical parameter as elastic recovery characterizes the coating yield point, its decreasing indicates that the coating becomes less elastic to increase the possibility of cracking [11] .
The observed growth of µ for ZnNiSiO 2 (X) coatings, compared to ZnNiSiO 2 , is due to a greater surface roughness ( 
